Health facility (HF) and household (HH) data can complement each other to provide a better understanding of the factors that contribute to vaccination status. In 12 zones with low vaccination coverage within Kinshasa Province, Democratic Republic of Congo, we conducted 2 surveys: (1) a linked HH and HF survey among 6-11-month-old infants, and (2) a HH survey among 12-23-monthold children. Linked survey objectives were to identify factors associated with vaccination status and to explore methodological considerations for linked survey implementation. To provide linked HH and HF data, we enrolled 6-11-month-old infants in HH clusters in each zone and then surveyed HFs located within the 12 zones and cited by caregivers of the enrolled infants as the most recent HF visited for vaccination or curative care. To provide vaccination coverage estimates for the 12-zone area, we enrolled 12-23-month-old children in every fourth HH. Of the HHs with a child aged 6-23 months, 16% were ineligible because they had resided in the neighborhood for <3 months or were unavailable to be interviewed, 4% refused, and 80% were eligible and participated. Of 1224 enrolled infants 6-11 months of age, records of 879 (72%) were linked to one of the 182 surveyed HFs. For the coverage survey, 710 children aged 12-23 months participated. Home-based vaccination cards were available for 1210 of 1934 children (63%) surveyed. The surveys were successful in assessing HH information for 2 age groups, documenting written vaccination history for a large proportion of 6-23-month-old children, linking the majority of infants with their most recently visited HF, and surveying identified HFs. The implementation of the individually linked survey also highlighted the need for a comprehensive list of HFs and an analysis plan that addresses cross-classified clusters with only 1 child.
Household (HH) and health facility (HF) data can complement each other to provide a better understanding of the demand-and supply-side factors that contribute to infant vaccination status [1] [2] [3] . Many surveys of vaccination services are limited to either HHs or HFs, limiting conclusions to only HH or HF factors and not allowing for interaction between HH and HF factors. Alternatively, surveys can be designed to capture both HHs and HFs in the same population, but there are currently few surveys that record and present data from both settings together [4] . It is not uncommon to supplement home-based vaccination records with HF records for individual children in vaccination coverage surveys [5] ; however, other information from the HFs and vaccinators about service provision practices and knowledge is often not solicited. Several methods can be used to link HF data to a HH survey, including linking contemporary independent surveys in the same geographic areas [6, 7] , surveying all HFs in HH survey sampling units [8] , and individually linking HHs to visited HFs [9, 10] . Each method has benefits and limitations in terms of feasibility, representativeness, and assumptions of geography and temporality.
The province of Kinshasa includes the capital of the Democratic Republic of Congo (DRC), a megacity with an estimated population of 11.6 million [11] . In 12 of 36 administrative districts (zones), 2014 administrative data estimated coverage as <80% for the first dose of diphtheria, tetanus, pertussis, hepatitis B virus, and Haemophilus influenzae type b (pentavalent) vaccine; drop out (ie, defined as no receipt of the third dose of pentavalent vaccine among children who received the first dose) was estimated as >10% [12] . Recent measles outbreaks [13] and the introduction of inactivated polio vaccine (IPV) into the routine infant immunization schedule in April 2015 [14] accentuated the need to identify reasons for suboptimal coverage and drop out for programmatic decision making. To meet this need, we planned a multifaceted program evaluation that included objectives for infants 6-11 months of age and children 12-23 months of age in the 12 zones with reported low vaccination coverage within Kinshasa Province " (Figure 1 )". The surveys were done concurrently to maximize the efficiency of resource use and to capture relevant data for the Expanded Program on Immunization (EPI). For the 6-11-month-old infants, we chose to use an individual-linking method to assess HH and HF factors associated with a vaccination status that was drop out for age. In this article, we discuss the design, implementation, analytical methods, and descriptive metadata results for this survey, including challenges and lessons learned; the data analysis and interpretation of coverage survey results will be presented in a forthcoming publication.
SURVEY OBJECTIVES AND SAMPLE SIZE

Linked HH and HF Survey: 6-11-Month-Old Infants
For the survey of 6-11-month-old infants, the primary objective was to assess the associations between vaccination status, specifically drop out for age, and both demand-side (via the HH survey) and supply-side (via the HF survey) factors by individually linking the records from a HH survey with data from a survey of HFs where the infants received their most recent vaccinations. This age group was chosen because these infants accessed, or should have accessed, DRC EPI services in the last 3-6 months; this time frame ensures that data collected at HFs was contemporaneous to the infant's experiences and limits possible bias because of local record-keeping practices, staff turnover, and the limitations of recall. Our choice of this age group was intended to increase the potential for timely remedial programmatic action.
Estimating target sample size without a priori knowledge of the strength of any associations is not straightforward in a multilevel model context [15, 16] . We simplified the calculation by powering the study for bivariate associations at the zonal level, with the objective of pooling across all 12 zones to build a multivariable model. For this age group, the sample size was calculated to detect a 20% difference in the proportion of infants with a vaccination status that was up-to-date for age between 2 subpopulations of equal size. We estimated that 180 infants per zone were needed for the univariate analysis at the zonal level, assuming 60% and 80% coverage in the 2 subpopulations, 80% power, an α level of 0.05, and a nonresponse frequency of approximately 9%; analysis was performed with the Pearson χ 2 test of independence, using SAS, version 9.3, with the PROC POWER statement. From the member line list available from the 2013-2014 Demographic and Health Survey (DHS) [17] , we estimated that 8% of HHs would have a 6-11-month-old infant. Using a binomial distribution with probability of 8% and 80% power to achieve the target sample size of 180, we estimated we would need to approach 2400 HHs per zone. We planned to sample 15 neighborhoods per zone and therefore needed to approach 160 HHs per cluster. In houses with >1 infant aged 6-11 months, one of the infants was randomly selected to participate.
A HF was included if it was identified by the caregiver of a 6-11-month-old infant as the child's most recent place of vaccination. Because of feasibility concerns, we decided a priori to limit the HF survey to those in the 12 study zones, accepting a loss to the linked sample size. The EPI system in Kinshasa consists of public, private, and faith-based HFs. The available lists of the number, type, or locations of HFs within the 12 study zones were deemed incomplete and unreliable, making an independent survey of HFs impossible. The high-density urban setting also made it difficult to identify all HFs.
HH Survey: 12-23-Month-Old Children
The primary objective of the survey of 12-23-month-old children was to estimate vaccination coverage in the combined geographic area of the survey. If we identified an average of 6 children aged 12-23 months from each of the 180 clusters, the estimated Wald-type 95% confidence interval for a coverage estimate of 50% would be 4%-4.5%, assuming an intraclass correlation of 0.167, a 95% probability of achieving the desired precision, and a nonresponse frequency of 10%. We expected that 16% of HHs would have a child 12-23 months of age, so we decided to approach every fourth house for the 6-11-monthold survey. In HHs with >1 child aged 12-23 months, one of the children was randomly selected.
SURVEY DESIGN AND IMPLEMENTATION
The surveys were designed as stratified 3-stage cluster surveys. Surveyors had previously participated in polio campaigns and monitoring in Kinshasa and were trained for 5 days prior to beginning field work.
Cluster Selection
Zones were defined using administrative boundaries provided with a sampling frame from the DRC EPI. A list of neighborhoods with the estimated target population were provided for each of the 12 zones of interest, based on polio microplan data compiled in 2013-2014. Within each of the 12 zones, 15 neighborhoods were sampled using systematic probability proportional to estimated size methods, with the list sorted by aire de santé (ie, HF catchment area) to spread the sample geographically across the zone.
HH Selection
After selection of the neighborhoods, and a short time before field work was scheduled to begin, it was determined that the neighborhoods listed in the sampling frame had unknown boundaries, making it difficult to use neighborhoods to inform sampling of HHs. Therefore, an alternative strategy was created whereby random starting points were selected using Arc GIS v10.2, to correspond to the number of selected neighborhoods in each aire de santé. The completion of the survey for each neighborhood was scheduled to take 3 days, with surveying limited to daylight hours for reasons of practicality and security. A HH was defined as a group of people that eat together and sleep together. For HHs where occupants were absent, attempts were made through neighbors to schedule 2 revisits during the 3 scheduled days; revisits were not made after the end of the scheduled time.
Verbal informed consent was obtained from each selected child's parent or guardian; the selected child's parent or guardian was interviewed. Vaccination administration information was recorded from verbal report and written documentation from home-based records when available.
Field Implementation of 2 Target Populations
From a design perspective, inclusion of 2 unique target populations with different target numbers was not complicated. For implementation, however, it was challenging to train data collectors to become familiar with carrying and completing 2 different forms for the 2 target populations and to concurrently enroll 12-23-month-old children in every fourth house. In 37 cases, the calculated age of the child, based on recorded data during data analysis, revealed that the wrong form was completed; 43 children aged 12-23 months were interviewed in a HH that was not the fourth; and in 14 HHs, a child from each age group was identified for interview, which therefore took longer to complete.
Linked HF Selection
Respondents to the surveys involving 6-11-month-old infants were asked to identify the HF where the selected infant received their most recent vaccinations. Respondents for infants who were unvaccinated were asked to identify the HF where they had received curative care services most recently. The identified HFs were compiled in an Excel spreadsheet; an attempt was made to collate a list of all infants attending the same HF, to streamline data collection at the HF and to ensure unique identifiers for linking. The number of HFs, large geographic area of Kinshasa, existence of formal and informal names for the same HF, and nonstandard orthography made this task challenging. The Mail Merge Wizard in Microsoft Word was then used to generate register abstraction forms from the Excel spreadsheet for each infant; the register abstraction form included both the HH and HF unique identifiers. We attempted to survey all identified, operational HFs located in one of the 12 zones of interest at the time of data collection. At each HF, informed consent was obtained, and the individual who led vaccination services was interviewed by using a structured questionnaire. Where a vaccination register was available and was organized by infant, vaccination administration records for the associated infants were documented from the vaccination register.
METADATA RESULTS
The HH and HF surveys were conducted from 31 August to 22 September 22 2015; remaining HFs were surveyed from 23 November to 3 December 3 2015.
HH Enrollment and Data Collection
HHs (80%) participated in the surveys, and 86 HHs (4%) refused to participate. Additional HHs were not included because the family had lived in the neighborhood for <3 months or the child's primary caregiver was unavailable during 2 visits by an interview team. We excluded additional HHs where interviews were conducted but the child was subsequently determined to be ineligible because they were not in the target age group (71 children) or their month or year of birth were unknown (11 children). Thirty children were interviewed as 12-23-monthold individuals but were later determined to be 6-11 months of age at the time of the interview; 7 children were interviewed as 6-11-month-old individuals but were later determined to be 12-23-month-old children. These children are categorized as "interviewed" by their actual age group, although the questionnaire involving 12-23-month-old children had only a subset of questions.
By zone, the number of HHs identified with a 6-11-monthold infant ranged from 112 to 138, and the number of interviewed HHs ranged from 90 to 127, much lower than the target of 180 " (Table 1 )". Overall, caregivers in 81% of HHs identified for the survey of 6-11-month-old infants were interviewed, providing data for 1224 infants, 62% of the protocol's sample size.
By zone, the number of HHs identified with a 12-23-monthold child ranged from 57 to 102, and the number of interviewed HHs ranged from 42 to 76 " (Table 1 )". Overall, caregivers in 77% of HHs identified for the survey of 12-23-month-old children were interviewed, providing data for 710 children, 66% of the protocol's sample size.
Home-based vaccination cards were available and seen by the interviewer at the time of the survey for 63% of all children surveyed, 73% of 6-11-month-old infants (845), and 59% of 12-23-month-old children (368; Figure 2 ). The percentage of infants and children with a home-based health card that had been seen by interviewers was 68% in the 3 zones that were surveyed during the first 3 days of data collection (the "earliest zones") and 58% in the 3 zones that were surveyed during the last 3 days of data collection (the "latest zones"). The percentage of infants and children reported to have ever been issued a health card was 93% in the earliest zones and 95% in the latest zones; the percentage of infants and children reported to have at least 1 health card at the time of the survey was 88% in the earliest zones and 91% in the latest zones.
HF Enrollment, Linkage, and Data Collection
The expected number of HFs was unknown before the survey; 182 HFs located within the 12 zones of interest and cited by caregivers of the enrolled 6-11-month-old infants as the most recent facility attended for vaccination or curative care were included in the survey. Two hundred and seventy-nine infants were linked to a HF that was located outside the 12 zones of interest, that was no longer operational at the time of the survey, or where the staff declined to participate. The number of surveyed HFs located in each zone ranged from 7 to 21. Of the 1224 infants 6-11 months of age who participated in this survey, 879 (72%) were linked to a HF in one of the 12 zones of interest where an interview was conducted " (Figure 3 )", with a range of 54 to 101 infants by infant zone of residence. The median number of surveyed infants who were linked to each interviewed facility was 4 (range, 1-33). Caregivers of 6 infants reported that their child never received curative or preventive healthcare services. For 51 infants, including the 30 for whom interviews were conducted using the form for 12-23-monthold children, there was not adequate information to identify the HF; for 9 infants, there was a link to a HF in one of the 12 zones of interest and their vaccination history was abstracted from the register, but an interview was not conducted at the HF. The total number of unique HFs ranged from 20 to 53 by infant zone of residence. Overall, 55% of infants attended a HF located in their zone of residence. All of the HFs where interviews were conducted reported providing vaccination services.
Of the 879 infants ages 6-11 months linked to a HF in one of the 12 zones, 518 (59%) were found in the register at their HF, and their vaccination history was abstracted. Of the remaining infants, 316 (36%) were not found in the register. The register abstraction forms for 45 infants were not available.
ANALYTIC METHODS
Linked Analysis
To account for clustering of children within neighborhoods (survey cluster) and for clustering of children within HFs and to incorporate covariates at the child level (child, mother, and HH characteristics) and at the HF level, the method of choice is generalized linear mixed models [18] . The data from Kinshasa have a cross-classified structure, whereby children within the same neighborhood go to different HFs and HFs provide services to children from different neighborhoods. The cross-classification and binary outcome (ie, vaccination status that was or was not up-to-date for age) can be handled by a random-effects logistic regression model, including random effects in the model for both the survey cluster and the HF [16, 19] . In this study, there are 879 children 6-11 months old from 177 survey clusters (median, 5 children per cluster; range, 1-10) linked to 179 HFs in the 12 study zones (median, 3 children per HF; range, 1-32). There are 577 cross-classification cells (median, 1 child per cell; range, 1-7; 50% of cells have 1 child).
Estimating Coverage
The updated World Health Organization guidelines on vaccination coverage surveys [20] recommend adhering to probability sampling methods and calculation of sampling weights. However, the first stage selection probability of neighborhoods could not be calculated because of the need to rely on random starting points within aire de santé, rather than on known geographical clusters, which meant that the second stage selection probability of HHs could not be calculated because the denominator was unknown.
DISCUSSION
This HH and HF linked survey was designed to answer research questions about factors contributing to vaccination status for infants and vaccination coverage for older children in 12 zones of Kinshasa with low vaccination coverage. Although the linked survey was resource intensive and we found fewer HHs than expected with children of the target ages, we were able to enroll a large number of children in both age groups. We also successfully obtained home-based records for a high percentage of the children.
Two factors likely played a role in not reaching the expected sample size. The first was the use of the DHS HH line list because this list only includes HHs with an adult female, the target population for the DHS survey. Second, the response rate was lower than anticipated because many HHs were not available during the survey period. This could have been because of the 3-day time limit per cluster or because survey teams did not return in the evening, when more people would have been home. It is also possible that internal migration may have caused changes in the number of HHs with children. Completing a HH census in the selected areas before data collection could have ensured we met our sample size. Although card retention in this survey was higher than previously documented in the DRC [17] , the number of home-based health records seen decreased over the course of the data collection period. We speculate that this decrease may be because of the possibility that interviewers spent less time at each HH in the latter part of the survey, which highlights the need for strong supervision or a shorter implementation period to mitigate interviewer fatigue.
We chose to individually link an infant's HH information with information collected from their most recently visited HF; this approach may allow us to explore the associations of HH and HF factors to children's vaccination status more accurately than if linking at the ecological level, at least in part because many surveyed infants were vaccinated outside of their immediate neighborhoods. With the individually linked method, the number of HFs in the sample and the average number of infants linked to a HF were not known in advance. The sample of HFs captured through the individual linking approach may not be representative of all HFs in the 12 zones of interest, although it is potentially more representative than a sample obtained through purposive selection; a census of HFs could have facilitated the individual linkage of our HF and HH surveys and thereby provide context to our results. Additionally, we identified children who had never accessed the healthcare system; if this subset were a larger proportion of the sample it could lead to biased estimates of associations of HF factors. Our linked analyses, which will exclude these children, will represent only HHs that have accessed the healthcare system. The demand-side reasons for never accessing the system could be explored in separate analyses focused on the HH data.
We successfully linked a large proportion of infants to a surveyed HF, but because nearly half of children attended facilities outside of their residential zone, some HH and HF cross-classified clusters contain only 1 child, and these may pose methodological challenges during analysis. Given the complexity of the linked approach, it may be more efficient to conduct a HH survey first and to use preliminary data analysis to determine whether an individually linked HF survey is warranted. In our case, the additional efforts needed to do a linked survey may not have been required if an initial HH survey had found coverage to be higher than administrative coverage indicated. Efficiency in HF data collection may be increased by focusing on those visited by >1 enrolled child and not excluding those outside the zones where the HH were located. In rural areas where healthcare service options are limited, the individually linked method may be easier than other linking strategies; however, an ecological link may be sufficient in that context.
Many of the challenges we encountered in implementing the HH surveys were not unique to linked surveys, and the lessons learned can be applied to other population-based HH surveys in dense urban contexts. The challenges associated with implementing the new World Health Organization survey recommendations are also relevant to other situations. In our project, conducting 2 surveys with different objectives and different target age groups concurrently posed additional challenges, which may have contributed to lower data quality in some instances. For example, the children for whom interviews were conducted using the incorrect survey tool for their age group but who were subsequently analyzed in their correct age group had missing data because the 2 survey tools were not identical.
This description of the methods, metadata, and lessons learned is intended to provide insight into the challenges and benefits of implementing individually linked HH and HF surveys in a dense urban context for vaccination. Individual linking methods may be useful for immunization system surveys in urban contexts where families may choose from a large number of healthcare service options. However, our experience highlighted several issues to be considered when designing the survey, planning and implementing data collection, and analyzing the results. 
